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1 The draft Forest Protocols are excessively complex and fail to provide a coherent framework for
forest carbon reporting. Absent substantial improvements, it seems likely that most forest entities
will conclude that potential benefits of reporting are small in comparison to the cost. The requirement
for a perpetual easement on project areas seems excessive. Several provisions of the Protocols are
potentially costly but are unlikely to provide commensurate benefits to the Registry and its
stakeholders (e.g., measurement of soil carbon, reporting non-CO2 GHGs in future years, preparation
of annual monitoring reports, third-party certification).

2 Several important aspects of the Forest Protocols are custom designed to fit California’s unique
circumstances and the Registry’s authorizing legislation. This will limit the value of reporting
changes in forest carbon stocks to the Registry for national and international purposes such as carbon
offset trading.

3 Explicit consideration of carbon in wood products is essential to a full accounting of a forest entity’s
carbon balance. We commend the Registry’s recognition of the contributions of forest products-in-
use to the stocks of sequestered atmospheric carbon. The US forest products industry has endorsed an
approach to estimating carbon sequestration in forest products-in- use. This approach, developed and
first applied by Georgia-Pacific Corporation, quantifies all carbon in products expected to remain in
use for at least 100 years. Details on the method are described in Georgia-Pacific Corporation’s
corporate greenhouse gas inventory available at http://www.gp.com/enviro/strateqy/protocol.pdf , and
in an April 2004 manuscript titled “Characterizing carbon sequestration in forest products in use”
which is being submitted as Attachment 1 at the end of these comments.

The approach suggested by California for estimating carbon sequestration in forest products-in-use is
not appropriate for entity-level reporting. The approach proposed by California is an adaptation of the
approach suggested by IPCC for estimating national stocks of carbon in products-in-use. * The IPCC
approach is different in one important respect, however — namely; the starting point for the
calculations — and this difference is important when considering the use of the method for entity-level
accounting as opposed to national-level accounting.

Using the California approach, the stocks of carbon in the forest products pool only begin to
accumulate in the first year that the entity reports. This results in a “startup effect” that causes the
stock changes in the early years to be larger than subsequent annual stock changes even when annual
production remains constant.

This startup effect is an undesirable feature for an entity-level accounting method. Instead, the
method used for entity-level accounting should be constructed so that it produces annual stock
changes that are constant over time for companies with constant annual output over time. The 100-
year method, outlined in the attached manuscript, accomplishes this.

! Intergovernmental Panel on Climate Change (IPCC). Good practices guidance for land use, land use change, and forestry
(subject to copy edit). IPCC National Greenhouse Gas Inventories Programme Technical Support Unit. Hayama, Kanagawa,
Japan, 2003. Available on the Internet at http://www.ipcc-nggip.iges.or.jp/lulucf/gpglulucf_unedit.html.



The problem with the proposed California approach is illustrated in the following table, based on data
from an example in the California Forest Protocol Report (pg 35). In this example, a company
manufactures wood products each year that contain 219,300 pounds of carbon. It is assumed that this
annual output remains constant over time. Using the California approach, in spite of the company’s
constant output, the annual stock change in the product pool is highest in year one and becomes
smaller in each subsequent year.

In national accounting, this startup effect is dealt with, in part, by extending the analysis back in time,
usually to 1900. For a variety of practical reasons, however, this is not an option for entity-level

accounting.

Carbon in Annual
Carbonin new  product pool at Carbon in pool product pool
Year production beginning of  at end of year stock change
year
1 219,300 0 217,128 217,128
2 219,300 217,128 432,107 214,978
3 219,300 432,107 644,957 212,850
4 219,300 644,957 855,699 210,742
5 219,300 855,699 1,064,354 208,655
70 219,300 10,892,294 11,001,566 109,272

Note: The values in the table are subject to rounding errors

It should also be pointed out that the proposed California approach would require entities to
continuing reporting for any given year’s production “to year 70 or when the amount harvested has
decayed to zero.” Using the California approach, however, the remaining stocks never decay to zero
so reporting to year 70 would always be required. A more reasonable approach would, instead,
account for these long-term effects on a one-time basis in the year the production occurred. This
would relieve the entity of having to carry current production into calculations for many years into the
future. The 100-year method accomplishes this.

The draft Forest Protocols introduce the terms “greenhouse gas reductions” and “biological
emissions” in a carbon stock accounting framework. We agree completely that stock accounting is
the best approach for use by the Registry’s reporting entities in assessing carbon exchange between
their forests and the atmosphere. However, we respectfully recommend that the Registry reconsider
its use of the terms “biological emissions” and “greenhouse gas reductions.”

4.1 Use of the term “greenhouse gas reductions” as a synonym for carbon stock increases has high
potential to convey an incorrect impression that carbon stock increases are immediately and
directly convertible into emission reductions. The Registry should rely on the term “carbon
stock increases” in its Forest Protocols, and develop text that explains how carbon stock
increases can provide a basis for creating “emission offsets” in the context of carbon trading
frameworks.
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4.2 Use of the term “biological emissions” is inconsistent with established practice in carbon stock
accounting and will cause confusion among the Registry’s stakeholders and collaborators. It is
of course true that decreases in carbon stocks are associated with equivalent releases of CO2
emissions to the atmosphere. However, it is equally true that the integrity of carbon stock
accounting requires symmetrical treatment of decreases and increases in carbon stocks. This is
accomplished in established GHG accounting frameworks (e.g., EPA’s Greenhouse Gas
Emission Inventory) by tracking carbon stock changes separately from emissions, and by
assigning a CO2 emission factor of zero to biomass fuels to avoid double counting. Use of the
term “biological emissions” is clearly in conflict with this important convention.

The Registry may be interested to know that NCASI has developed GHG reporting tools for pulp and
paper mills that are consistent with WRI / WBCSD protocols and internationally recognized. They
are available at www.ghgprotocol.org/standard/tools.htm. Tools for wood products facilities will be
available in the near future.

The Registry’s draft Forest Sector Protocols allow two completely different approaches to entity-level
reporting (i.e., with or without a biological baseline). Data that is developed using one approach will
not be comparable with data that is developed using the other.

Section J of the Forest Sector Protocols is entitled, “Calculating Changes in Forest Carbon Stocks and
GHG Emissions.” This section asserts that decreases in entity carbon stocks will be treated as
emissions, and that increases in entity carbon stocks will not be treated as GHG reductions. This
approach is unbalanced and is not a sound basis for forest carbon reporting. Entirely missing in this
section and the Protocol generally is a coherent reporting framework that addresses additionality and
permanence in a manner that is consistent, logical and equitable.

It is practical and realistic to limit the scope of required leakage analysis to activity shifting.

However, the Project Protocols should discuss the implications of this solution for conservation
projects in rapidly developing regions. Significant market leakage beyond the control of the reporting
entity is very likely for such projects.

The term “Reforestation Projects” is used to describe projects in which forest cover is re-established
on areas that been out of tree cover for a minimum of ten years. The term “Afforestation Projects”
would be more appropriate for projects of this kind because the word “reforestation” is very often
used in the United States to describe forest regeneration efforts immediately following timber harvest.

The Registry’s approach to uncertainty is incomplete and in need of further development. The
protocols include tables showing “Weight deductions based on level of confidence in weight
estimates.” The weight deductions suggested in the tables seem arbitrary and generally excessive.
More importantly, no rationale for weight deductions is given. We offer the following observations
and suggestions.

11.1 The Registry needs to define the problem to be solved (or the objective to be achieved)
through uncertainty analysis and other quality control efforts.

11.2 The draft Forest Protocols devote considerable attention to quantifying uncertainty in direct
measurements of carbon stocks but essentially no attention to quantifying uncertainty in
biological baselines and project baselines. The Protocols draw a distinction between
reporting uncertainty and inherent uncertainty, but the logic and practical significance of
this distinction are not apparent.



11.3 For the general purposes of the Registry, it may be most important to focus quality control
efforts on producing statistically unbiased estimates of carbon stock changes.

11.4 The concept of “deductions for uncertainty” is typically associated with carbon trading,
which is outside the Registry’s scope. The Registry may wish to simplify its Forest
Protocols by eliminating the “weight deduction” tables and replacing them with a
requirement that reporting entities (a) describe the methods they use to develop baseline
projections and measurement-based estimates of carbon stocks; and (b) characterize the
uncertainty in both the baseline projections and the measurement-based estimates.
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Abstract

In recent years, much attention has been focused on carbon accounting for harvested wood
products in the context of national greenhouse gas inventories. The methods used for national
accounting, however, are not suitable for corporate or value chain accounting. This is partly due to the
practical difficulties that companies face in assembling the historical production data and other
information required by the methods. In addition, national accounting methods yield results that are
heavily influenced by historical data and past practices. As a result, these methods provide little insight
into opportunities for improvement.

In this paper, a method is described for corporate and value chain accounting of carbon in forest
products that avoids many of the difficulties associated with national accounting methods. The method
focuses on the long-term effects of current production on future stocks of carbon sequestered in forest
products. It estimates the amount of carbon in products expected to remain in use for at least 100 years
and, therefore, the method is called the 100-year method.

Data from the U.S. are used to demonstrate the application of the 100-year method. The results
indicate that the forest products put into use in the U.S. in 1998 sequestered almost 12 million tonnes of
carbon.

Keywords: Carbon sequestration; Forest products industry; Harvested wood products; Carbon
accounting; Greenhouse gas emissions; Pulp and paper; Lumber; Wood panels

1. Introduction

Almost all of the sequestered carbon in the forest industry value chain is contained in three “pools” — the
forest (including above-ground and below-ground biomass), products-in-use, and products disposed in
landfills. This paper describes methods for characterizing carbon sequestration in what is perhaps the
most often ignored of these three pools — i.e. the pool of carbon in forest products-in-use.

2. An overview of the forest industry value chain

Before examining methods for estimating carbon sequestration, it is helpful to have a general
understanding of overall climate profile of the forest products industry.

Tel.: (919) 941-6400; fax: (919) 941-6401; e-mail address: rminer@ncasi.org



2.1 Forests

Enormous quantities of atmospheric carbon are stored in forests and forest soils - more than 1,100
gigatonnes (Gt) divided between forest vegetation (approximately 350 Gt) and forest soils (approximately
800 Gt). By comparison, the atmosphere contains about 800 Gt of carbon and the world’s oceans contain
almost 40,000 Gt [1].

Stocks of carbon in mid- and upper-latitude forests are growing. Stocks of carbon in tropical
forests appear to be decreasing, primarily due to deforestation, but there is significant uncertainty in these
estimates. Globally, the stocks of forest carbon are thought to be declining, but this will remain uncertain
until the estimates for tropical forests are improved [1], [2]. Attempts to develop a global carbon budget
suggest that net terrestrial uptake of carbon, including uptake by forests, is in the range of -0.3 to +1.7
Gt/y. This can be compared to global emissions of carbon equal to approximately 6 Gt/y [1], [2].

Although forest carbon stocks are very important to the industry’s climate profile, they cannot be
viewed in isolation because a sizable fraction of the carbon removed in harvested wood adds to the stocks
of carbon stored in products.

2.2 Harvesting and transporting wood to manufacturing facilities

The amounts of greenhouse gases (GHGs) emitted in harvesting and transporting wood to
manufacturing operations are primarily determined by the distance traveled and the mode of
transportation. Energy data from a U.S.-focused study suggest that GHG emissions from wood
harvesting and transport amount to approximately 0.03 tonnes of carbon per tonne of paper [3]. A
European-focused study found that total emissions from transport (including raw materials and final
products) were approximately 0.02 tonnes of carbon per tonne of paper [4]. The U.S. and European
estimates represent perhaps 10 to 20 percent of the manufacturing emissions from the forest products
sector. A Canadian study found that wood transportation accounts for nearly 60 percent of the Canadian
forest product sector’s fossil fuel consumption, a parameter that is highly correlated with GHG emissions
[5]. The differences between these studies may be related to the methods used to develop the estimates or
to actual differences in transportation distances and other factors.

2.3 Manufacturing forest products

The forest products industry relies heavily on carbon-neutral biomass fuels.® According to
statistics from the Organization for Economic Co-operation and Development (OECD), the forest
products industry derives more of its energy from biomass than any other industry [6], [7]. None-the-less,
most of the GHGs emitted by forest products industry are associated with the burning of fossil fuels.

Based on information from industry associations and government agencies, it can be estimated
that the direct GHG emissions” from the pulp and paper industry in Australia, Canada, Japan, the United
States, and the European Union (EU) plus Norway and Switzerland amount to approximately 41 million

® The term “carbon-neutral” is used to reflect the fact that the carbon in biomass fuels was removed from the
atmosphere by photosynthesis and when burned is simply returned to the atmosphere, resulting in no net addition of
carbon to the atmosphere.

* Direct emissions are from sources owned or controlled by the forest products industry. They do not include
emissions associated with purchased electricity, nor do they include CO, emissions from biomass combustion
(which are reported separately and not totaled with fossil fuel-related CO, emissions) [8].
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tonnes of carbon [9], [10], [11], [12], [13]. Statistics from the Food and Agriculture Organization of the
United Nations (FAQ) indicate that these regions produce approximately 63% of the paper and
paperboard in the world [14]. This suggests that the GHG emissions from the global pulp, paper and
paperboard industry are approximately 65 million metric tonnes of carbon per year.

GHG emissions from wood products manufacturing in OECD countries are approximately 5
million tonnes of carbon per year.> FAO statistics indicate that the OECD produces about 70% of the
sawn wood and wood panels, suggesting that global GHG emissions from wood products plants are
approximately 7 million tonnes of carbon per year [6], [7], [14].

In total, therefore, the direct emissions from the forest products industry can be estimated to be
approximately 72 million tonnes of carbon per year, which represents just over one percent of global
GHG emissions (estimated to be about 6 Gt) [1], [2], [15].

Many forest products manufacturing facilities also purchase electricity. There are no publicly
available data, however, that allow the indirect emissions associated with these purchases to be estimated
for the global forest products industry. For the pulp and paper industry in Europe, indirect emissions
associated with purchased power are approximately 30% less than the industry’s direct emissions
(estimated from [11] and [16]). In the United States, they are about 40% less than direct emissions [13].
In the wood products sector, indirect emissions often exceed direct emissions, although they are still less
than the emissions attributable to electricity purchases by pulp and paper mills (for instance, see [17]).

2.4 Transporting final products to users

The emissions associated with this segment of the value chain are affected by the same factors
that influence emissions in transporting raw materials — i.e. transport distance and mode of transport.
Like emissions associated with raw material transport, these emissions would be expected to be highly
variable.

2.5 Products-in-use

The product use phase of the forest products life cycle is important to the GHG profile of the
forest products industry for several reasons. First, emissions are associated with using some forest
products. Fossil fuel-derived energy is used, for instance, to heat wood-framed and -sided homes. The
differences in energy efficiency between wood-based and other types of homes, and the differences in
embodied energy and emissions of the respective building materials (i.e. substitution effects) can be very
important to the value chain climate profile.

In addition, this part of the value chain is important because while products are being used, they
continue to sequester carbon. This sequestration is an important element of the climate profile of the
forest industry value chain. It has been estimated that 40 million tonnes of carbon are sequestered
annually in products-in-use [18]. This represents more than one-half of the sector’s global direct
emissions (estimated above). Carbon sequestration in products-in-use is examined in much great detail
later in this paper.

® Wood product manufacturing emissions have been estimated from OECD/IEA statistics [6] [7], which exclude
fuels used to produce electricity. Unlike pulp, paper, and paperboard mills, however, few wood products facilities
produce electrical power from fossil fuels.



2.6 End-of-life management

After use, most forest products are recycled, landfilled, or burned for energy. This part of the
value chain has several effects on the climate profile of the forest products industry.

Perhaps most obviously, when discarded biomass-based forest products are burned for energy
they often displace fossil fuels, resulting in avoided GHG emissions.

In addition, used forest products must be collected, a process that requires fossil fuel for transport.
Different studies have come to varying conclusions about whether transportation emissions from
recovered fiber transport are greater or smaller than those related to wood transport, undoubtedly
reflecting, at least in part, differing local circumstances [3][4].

A large fraction of used forest products are recycled, an activity that has multiple and complicated
effects on GHG emissions and sequestration along the value chain. Increased recycling may reduce forest
harvests and allow longer rotation times, but the benefits to carbon sequestration in the forest are likely to
be obscured by the effects of market forces on decisions regarding harvesting and land use. Recycling
avoids emissions of methane, a potent greenhouse gas, by keeping used forest products out of municipal
solid waste landfills (although increasingly this methane is captured and burned as a biomass fuel,
offsetting fossil fuels). Recycling also reduces the amount of carbon sequestered in landfills.

Large amounts of carbon are sequestered in forest products in landfills. In the U.S., for instance,
it is estimated that forest products in landfills contain over 1,300 million metric tonnes of carbon and the
net additions to these carbon stocks exceed 40 million metric tonnes of carbon per year [19].

To further complicate the analysis of the end-of-life portion of the value chain, in some market
segments recycled and virgin fibers compete so that substitution effects within the value chain can
become important.

3.0 Options for characterizing carbon sequestration in products-in-use

The products manufactured by the forest products industry contain large amounts of sequestered
atmospheric carbon. Worldwide, the industry’s annual production (considered equal to total production
of paper, paperboard, wood panels and sawn wood) contains approximately 290 million tonnes of carbon
[18]. This new production represents additions to existing stocks of carbon in products-in-use. These
additions are offset by losses of carbon from the existing stocks as products are removed from service.

Over the last forty years, the net additions to stocks of carbon in products-in-use have varied
between 30 and 60 million tonnes of carbon per year. In 2000, these carbon stocks were increasing at a
rate of approximately 40 million tonnes of carbon per year [18]. Due to the long useful lifetimes for
many of the industry’s products and increased consumption caused by increasing standards of living,
stocks of carbon in products-in-use are growing and are expected to continue to grow for the foreseeable
future [1], [18].

There are two basic options for estimating changes in the amounts of carbon sequestered in
products-in-use. One is to use the methods developed for national accounting of carbon in harvested
wood products (HWP). The second is a variation on the national accounting approach that may be better
suited to corporate, sector and value chain accounting. Both are explained below.
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Before examining the methods, it is important to consider the differences between the issues
encountered in preparing national GHG emissions inventories and those associated with corporate, sector,
or value chain inventories.

In national accounting one of the most important issues is how to account for the carbon that
crosses national boundaries in imports and exports. This is not normally an issue in corporate or value
chain accounting because the boundaries for these inventories are usually not set at national borders.
Similarly, in national accounting, essentially all forests within the nation’s borders are included whereas,
in corporate and value chain accounting, it is the forest that provides fiber to the forest products industry
that is usually of primary concern.

In national accounting, a very broad definition of “products” is appropriate so the accounting is
done on “harvested wood products” or HWP — a term that includes all wood removed from the forest,
regardless of its use. In corporate and value chain accounting, a different definition of “product” may be
more appropriate because the focus is usually on the valued-added output of the forest products industry.

In addition, national accounting methods are often impractical for use at smaller scales. As
explained below, for a company to use them, it must have records of its annual production for many years
into the distant past. These data seldom exist, in part because of the numerous corporate mergers,
acquisitions, spin-offs and closures that have occurred over time.

For these and other reasons, the approaches used for carbon accounting in national inventories
may not be appropriate for corporate, sector, or value chain accounting in the forest products industry. It
is important to understand national inventory methods, however, because it is desirable for corporate,
sector, and value chain accounting methods to be as consistent as possible with national accounting
methods.

3.1 The national inventory method

For national GHG inventories, the Intergovernmental Panel on Climate Change (IPCC) indicates
that changes in stocks of carbon in products-in-use can be estimated by several methods. IPCC’s Tier 1
method assumes no change in stocks of carbon in products-in-use, but its Tier 2 method estimates stock
changes by netting annual additions to stocks in-use against annual losses occurring in the same year [20].
The result is the actual year-to-year change in current stocks of carbon in products-in-use. In this paper,
the Tier 2 method is referred to as the “national inventory method.”

Using the national inventory method, the change in stocks of carbon is equal to the difference
between annual additions to and losses from current stocks of carbon in products in use. Additions to
stocks of carbon in products in-use are estimated from annual production and consumption statistics.
From these annual additions are subtracted the annual losses from carbon stocks in-use.

A number of methods have been described for estimating annual losses from current stocks of
carbon in products-in-use. IPCC’s Good Practice Guidance for Land Use, Land Use Change, and
Forestry suggests that losses from current stocks be estimated by using the following first order decay
equation [20] although other relationships can also be used.

Equation 1: Fraction lost per year = Ln(2) / product half-life in years
Because Equation 1 expresses losses as a fraction of the current pool, one must either measure or

mathematically reconstruct the current pool of products-in-use. In IPCC’s Tier 2 approach, this is done
by starting at a point in the past (the year 1900 is often used) and determining the additions and losses to
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the product pool year-by-year up to the current time [20]. This requires historic production information
and information on how products were used over time. The estimates derived by this method can
sometimes be checked against periodic surveys of, for instance, housing inventory.

The Tier 2 national inventory method requires past production and product-use data that cannot
be disaggregated down to the individual company level. In addition, because losses from the current pool
of carbon are estimated as a fraction of the current pool, the results are heavily influenced by the factors
that influence the size of the current pool, i.e. the amounts of past production and time-in-service of past
production. The significant influence of past conditions makes national accounting methods unsuited to
examining forward-looking opportunities for improvement.

3.2 The 100-year method

An alternative method is available that is better suited to corporate, sector or value chain
accounting. Under this alternative, current year additions to stocks of carbon in products-in-use are netted
against future losses from current year additions. The result, therefore, is the amount of carbon in the
current year’s production that is expected to remain in-use for a defined period of time.

In several other applications, IPCC has used 100 years to define similar long-term effects.
National inventories submitted under the United Nations Framework Convention on Climate Change
(UNFCCC) are prepared using global warming potentials that are derived by “integrating the total
radiative forcing of an emissions pulse over a 100-year time horizon....”[1] It has been suggested that a
similar approach, involving a 100-year time horizon, could be used to characterize removals via
sequestration. The IPCC Special Report on Land Use, Land Use Change, and Forestry, for instance,
suggests the following application of a 100-year time horizon in the “ton-year” approach.

“If the ton-year approach is adopted, incremental credit can be awarded for each
year that carbon stocks remain sequestered. The cumulative award of credit would
equal the credit from a “permanent” emission reduction of the same magnitude if the
stocks remained intact for 100 years. If the stocks were released at any time prior to
the 100-year time horizon, only the appropriate amount of partial credit would have
been awarded.”[1]

Using an analogous approach, a 100-year time horizon can be used to estimate the amount of
long-term carbon sequestration that can be expected from newly produced biomass-based products. In
this paper, the approach is called “the 100-year method.” The 100-year method was first suggested and
applied by Dr. Sergio Galeano of Georgia-Pacific Corporation [21]. It is also described in an example of
life cycle impact assessment published by the International Standards Organization (ISO) [22].

The 100-year method is conceptually and mathematically simple so it is easy to perform and
more likely to be applied consistently from one assessment to the next than the national inventory
method. The 100-year method also yields results that reflect conditions and opportunities that are most
likely to be influenced by current manufacturers — i.e. those conditions and improvement opportunities
that are, or can be, applied to current production.

The primary disadvantage of the 100-year method is that it requires the acceptance of a 100-year
time horizon for quantifying long-term sequestration. Other time horizons could, of course, be used but at
present it appears that the 100-year horizon is the only one with precedent in the areas of carbon
accounting and climate change. This is likely due, at least in part, to (a) the uncertainties associated with
projections over longer time periods and (b) an expectation that 100 years will be long enough to develop
and deploy permanent solutions for controlling atmospheric CO; levels.



4.0 Using the 100-year method
The 100-year method involves four steps.

1. Identify the types and amounts of biomass-based products (e.g. softwood lumber) that are made in the
year of interest.

2. Express this annual production in terms of the amount of biomass carbon per year for each product.

3. Divide the final products into categories based on function and allocate the carbon to the functional
categories. Some of the functions for softwood lumber, for instance, would be single-family homes,
home repair, multifamily residences, shipping containers, and railroad ties.

4. Use decay curves or other time-in-use information to estimate the fraction of the carbon in each
functional category, expected to remain in use for 100 years.

5.  Multiply the amount of carbon in annual production in products in each functional category by the
fraction remaining at 100 years. The result is the amount of sequestered carbon in the products in
each functional category attributable to this year’s production.

For steps 1 and 2, data on current production is obtained from production records or statistics and
the carbon content is estimated by multiplying the production by its carbon content. A common default
assumption for paper, paperboard and wood products is that they are 50% carbon by weight (dry) [20]. In
general, this is more accurate for wood products than for paper products, which sometimes contain a
considerable amount of inorganic material (i.e. filler and coating). Nonetheless, for purposes of
estimating stocks of carbon in-use, an assumed carbon content of 50% is probably adequate because only
a very small fraction of paper remains in use for 100 years.

Forest products have a variety of uses and a wide range of expected times-in-use. Tissue
products are unlikely to remain in use for a year while a significant fraction of the sawn wood used in
single family home construction will still be in use in 100 years. Even within a single product type,
however, times-in-use can vary substantially. Sawn wood used in shipping containers, for instance,
remains in use for a far shorter time than sawn wood used in home construction. It is important,
therefore, to understand how forest products are used, not only because product lifetimes vary, but also
because time-in-use information is typically associated with specific end use functions. The third step in
the process, therefore, is to divide current production into the functional categories for which time-in-use
estimates are available.

The time-in-use distributions needed in Step 4 are often represented by mathematical equations
that describe decay curves. A key parameter in these equations is usually the product half-life — i.e. the
time over which one-half of the original material leaves the pool of products-in-use.

IPCC suggests the use of a simple first order relationship to convert the half-life value into a
decay curve that allows one to calculate the fraction remaining as a function of time [20]. The first order
decay time-in-use curve is represented by the following equation.



Equation 2: First Order Decay Curve

o
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Where: FR = Fraction of carbon remaining in use in year Y
HL = half-life (years)
Y = elapsed time (years)

Other relationships have been used, however, to convert half-life information into decay curves
for time-in-use. The European Forest Institute (EF1) has used the equation shown in Equation 3 [23].°

Equation 3: EFI Decay Curve

H 1.2 H
FR=1.2-
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Where: FR = Fraction of carbon remaining in use in year Y

HL = half-life (years)
Y = elapsed time (years)

A third option for converting half-life values into decay curves has been used by Row and Phelps
and is described by Equations 4a, 4b, and 4c [24].” The Row and Phelps approach divides the decay
curve into three pieces. The Row and Phelps decay curves have been used by the US in preparing its
national inventory for UNFCCC.

Equation 4: Row and Phelps Decay Curve

Equation 4a: If: Y < HL/2
FR =1-[b.4101% ¥
0 HLG
Equation 4b: If: Y>HL/2andY < HL
FR = 1_H 0.5 H

H+(@*In(HL/Y))H

*The equation is slightly different than the version shown in reference [23] so that the result can be shown as a
fraction instead of a percentage.

" The original Row and Phelps 1996 publication [24] contained typographical errors in the equations. The equations
shown here have been corrected.



Equation 4c: If: Y >HL
FR = H 0.5 ]
H+(@*In(Y / HL))H

Where: FR = Fraction of carbon remaining in use in year Y
HL = half-life (years)

Y = elapsed time (years)

The effects of selecting different decay curves are illustrated in Figure 1. The primary
differences occur at times longer than the half-life of the product. This is important because the 100-year
method uses only the estimated fraction remaining at 100 years.

Figure 2 shows the results of using the three different decay curves to predict the fraction of the
carbon remaining in use at 100 years as a function of product half-life. For products with half-lives of 40
years or less, the Row and Phelps decay curve predicts the largest amount of carbon remaining in use.
For products with half-lives between 40 and 100 years, the first order decay curve predicts the largest
amount of carbon remaining in use. The EFI model predicts the smallest amount of carbon remaining in
use until product half-lives are 80 years or greater, at which point its estimates are close to the Row and
Phelps estimates.

Although this discussion has highlighted three decay curves, others are also available [5], [25]. It
is not possible to identify one of these as being the most appropriate for all situations. Indeed, it is
reasonable to assume that different decay curves will be appropriate under different circumstances. There
are several factors, however, that may influence the decision on which curve to select.

First, of the decay curves identified in the literature, only the Row and Phelps decay curve reflects
the “archive effect” — i.e. a certain fraction of product is predicted to be stored for 100 years in places
such as archives and libraries even though the half-lives are short. As illustrated in Figure 2, the first
order and EFI decay curves (and others in the literature), fail to incorporate this phenomenon. On the
other hand, the first order decay curve is most comparable to the approaches currently described by IPCC
in its good practice guidance for national inventories [20]. The importance of these and other
considerations will likely vary depending on specific circumstances.

Half-life estimates also vary. It is reasonable to expect some variability between countries due to
different building practices, for instance. Some of the differences, however, are probably due to different
approaches to estimating product half-life. A summary of much of the available information on half-lives
and times-in-use for various forest products is contained in IPCC’s Good Practices Guidance for Land
Use, Land Use Change, and Forestry [20]. The half-life estimates published by Skog and Nicholson in
1998 for the U.S. are summarized in Table 1 [26].

5.0 Applying the 100-year method to the U.S.
For illustrative purposes, the 100-year method can be applied to the U.S.. There are several

souces of U.S. forest products production and consumption data. For this example, data published by the
U.S. Forest Service have been used [27], [28].
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The 1998 wood products consumption data shown in Table 2 have been used with the Row and
Phelps decay model, the half-life data shown in Table 1, and conversion factors explained in Table 2 to
derive an estimate of the carbon in wood products that will remain sequestered in-use for 100 years. The
analysis indicates that almost 10 million metric tonnes of carbon, attributable to products put in use in
1998, are expected to remain sequestered in wood products for at least 100 years.

Due to the shorter times in use, the amounts of carbon sequestered in paper and paperboard
products are smaller, but still significant. The calculations in Table 3 indicate that over two million
tonnes of carbon are expected to remain sequestered in 1998 paper products for 100 years.

In total, therfore, almost 12 million metric tonnes of carbon, attributable forest products put in use
in 1998, were expected to remain sequestered in use for at least 100 years. This sequestration represents
approximately one-half of the U.S. forest product industry's direct emissions, estimated by the U.S.
Department of Energy to be approximately 22 million metric tonnes of carbon in 1994 [17]. The carbon
sequestered in forest products during use clearly represents an important part of the forest product
industry’s carbon balance.

The estimate of net carbon sequestration developed using the 100-year method (12 million metric
tonnes of carbon) is close to the estimate of 14 million tonnes of carbon developed for 1998 by the U.S.
government using the national inventory method [19]. Although the two estimates are in reasonable
agreement, it must be noted that they are estimates of two different quantities. The national inventory
method estimates the actual change in current stocks of carbon in products-in-use whereas the 100-year
method estimates the long-term additions to stocks of carbon in products-in-use attributable to newly
manufactured products.®

6.0 Summary

Carbon sequestered in forest products represents an important part of the carbon profile of the
forest products industry. Attempts are being made to account for this sequestration so that it can be
included in corporate, sector, and value chain carbon balances.

National accounting methods are not suited for corporate accounting because they require data
that are usually unavailable at the sub-national level. In addition, national inventory methods yield results
that are heavily influenced by past production levels and historical product use patterns, making it
difficult to use the results to characterize current performance. Finally, because national inventory
methods are focused on current and past conditions, they are not particularly useful for examining
opportunities for future improvement.

An alternative method described in this paper, the 100-year method, is available for corporate,
sector, and value chain carbon balances where it is important to characterize carbon sequestration in
products-in-use. The method uses information on the expected time-in-use of products to estimate the
amount of carbon therein that will still be sequestered in products-in-use in 100 years. The method uses
readily available data, is simple and transparent, and can be used to characterize current performance and
examine improvement opportunities.

8 A less important difference that is specific to the estimates shown here is that the U.S. inventory estimate is based
on domestic production while the 100-year method estimate is based on domestic consumption. The 100- year
method can be used, however, to develop production- or consumption-based estimates.



1t

Acknowledgments

The author acknowledges Dr. Sergio Galeano of Georgia-Pacific Corporation who first conceived
of using the 100-year method for estimating carbon sequestration in products-in-use and subsequently
applied it in his company’s inventories [21] and in 1SO Technical Report ISO/TR 14047:2003(E) [22]. A
software program (GPCarb®) is available from Dr. Galeano free-of-charge for persons interested in
performing calculations using the 100-year method.? The author also acknowledges the funding and
guidance from the member associations of the International Council of Forest and Paper Associations - in
particular the American Forest and Paper Association, the Australian Paper Industry Council, the Chilean
Forest and Industry Association, the Confederation of European Paper Industries, the Forest Products
Association of Canada, the Japan Paper Association, and the Paper Manufacturers Association of South
Africa.

References

[1] Intergovernmental Panel on Climate Change (IPCC). Land use, land use change, and forestry —a
special report of the IPCC. Published by Cambridge University Press, Cambridge, UK, 2000.

[2] Intergovernmental Panel on Climate Change (IPCC). Climate change 1995 — impacts, adaptations and
mitigation of climate change: scientific technical analysis. Chapter 24.2.2. Published by Cambridge
University Press, Cambridge, UK, 1996.

[3] Paper Task Force. Paper Task Force — White Paper No. 3 — Lifecycle environmental comparison:
virgin paper and recycled paper-based systems. Originally published on December 19, 1995. Data in
Sections Il and 1V and Appendices C & D updated in February 2002. Published by Environmental
Defense in 2002. Available on the Internet at
http://www.environmentaldefense.org/pdf.cfm?ContentlD=1618&FileName=WP3%2Epdf.

[4] International Institute for Environment and Development (IIED). Towards a sustainable paper cycle —
an independent study on the sustainability of the pulp and paper industry. Published by IIED, London,
1996.

[5] Apps MJ, Kurz WA, Beukema SJ, and Bhatti JS. Carbon budget of the Canadian forest product
sector. Environmental Science & Policy 1999; 2:25-41. Elsevier Science Ltd.

[6] OECD/IEA. Energy statistics for OECD countries, 1996-1997. OECD. Paris. 1999.
[7] OECD/IEA. Energy statistics for OECD countries, 2000-2001. OECD. Paris. 2003.

[8] World Resources Institute and World Business Council for Sustainable Development (WRI/WBCSD).
The Greenhouse Gas Protocol — A Corporate Accounting and Reporting Standard: Revised Edition.
March 2004. World Resources Institute, Washington DC and World Business Council for Sustainable
Development, Geneva, Switzerland. Available on the internet at
http://www.ghgprotocol.org/standard/GHGProtocolCorporateStandard_RevisedEdition.pdf. April 26,
2004

[9] Australian Paper Industry Council (APIC), Public eco-efficiency report.
http://www.apic.asn.au/environment/PER.pdf. November 6, 2003.

° Dr. Sergio Galeano, Georgia-Pacific Corporation, 133 Peachtree Street NE, P.O. Box 105605, Atlanta, GA 30348-
5605, email sfgalean@gapac.com



12

[10] Forest Products Association of Canada (FPAC). Environmental progress report, 2000-2001. Forest
Products Association of Canada, Montreal 2002. http://www.fpac.ca/ER_E2000.PDF. November 6,
2003.

[11] Confederated European Paper Industries (CEPI). Environment Report 2002 — Working towards
more sustainability. Brussels 2002. http://www.cepi.org/files/EnvironmentReport02-164810A.pdf.
October 28, 2003.

[12] Japan Paper Association (JPA). Energy data on JPA Internet site.
http://www.jpa.gr.jp/english/eco/ene/ene_f0.html. November 6, 2003.

[13] Energy Information Administration (EIA). Emissions of greenhouse gases in the United States 2001
- carbon dioxide emissions from manufacturing by fuel, 1991, 1994, and 1998 (information for SIC 26).
Energy Information Administration of the Department of Energy, Washington, DC. 2001.
http://www.eia.doe.gov/0iaf/1605/gg02rpt/carbonb_tbl.html. November 6, 2003.

[14] FAOSTAT. 2003. On the Internet at http://www.apps.fao.org/page/collections? subset=forestry.

[15] Intergovernmental Panel on Climate Change (IPCC). Third assessment report - climate change 2001
— mitigation. Published by Cambridge University Press. Cambridge, UK, 2000.
http://www.grida.no/climate/ipcc_tar/wg3/index.htm. October 27, 2003.

[16] PriceWaterhouseCooper (PWC). Climate change and the power industry - European carbon factors:
a benchmarking of CO, emissions by the largest European power producers. PriceWaterhouseCooper
2002. Paris. http://www.pwc.com/fr/pwc_pdf/pwc_europe_carbon_factor 2002-10_en.pdf. October 28,
2003.

[17] Energy Information Administration (EIA). Total Energy-Related Carbon Emissions for
Manufacturing Industries, 1994. Energy Information Administration of the Department of Energy,
Washington, DC. 1994, http://www.eia.doe.gov/emeu/efficiency/carbon_emissions/allsic1994.html, April
7,2004

[18] Intergovernmental Panel on Climate Change (IPCC). Estimation, reporting and accounting of
harvested wood products — technical paper. UNFCCC paper FCCC/TP/2003/7, October 27, 2003.
http://unfccc.int/resource/docs/tp/tp0307.pdf. November 3, 2003.

[19] United States Environmental Protection Agency (USEPA). Inventory of U.S. greenhouse gas
emissions and sinks: 1990-2001. EPA 430-R-03-004. April 15, 2003. Available on the Internet
athttp://yosemite.epa.gov/oar/globalwarming.nsf/content/EmissionsNational.html. January 9, 2004.

[20] Intergovernmental Panel on Climate Change (IPCC). Good practices guidance for land use, land use
change, and forestry (subject to copy edit). IPCC National Greenhouse Gas Inventories Programme
Technical Support Unit. Hayama, Kanagawa, Japan, 2003. Available on the Internet at http://www.ipcc-
nggip.iges.or.jp/lulucf/gpglulucf _unedit.html.

[21] Georgia-Pacific Corporation. Protocol for the inventory of greenhouse gases in Georgia-Pacific
Corporation. Georgia-Pacific Corporation, Atlanta 2002. Available on the Internet at
http://www.gp.com/enviro/strategy/protocol.pdf.




13

[22] International Standards Organization (ISO). Environmental management — life cycle impact
assessment — examples of application of ISO 14042. Technical Report ISO/TR 14047:2003(E).
International Standards Organization, Switzerland, 2003.

[23] European Forest Institute (EFI). The impacts of manufacturing and utilisation of wood products on
the European carbon budget. European Forest Institute Internal Report 9, 2002; Joensuu, Finland.
Available on the Internet at http://www.efi.fi/publications/Internal_Reports/IR_09.pdf.

[24] Row C., and Phelps B. Wood carbon flows and storage after timber harvest. Forests and global
change: Volume 2. Forest management opportunities for mitigating carbon emissions. Edited by
Sampson and Hair. Published by American Forests, Washington DC, 1996.

[25] Pingoud K, Peréld AL, and Pussinen A. Carbon dynamics in wood products. Mitigation and
adaptation strategies for global change. 6:91-111, 42, Kluwer Academic Publishers, Netherlands. 2001.

[26] Skog K., and Nicholson G. Carbon cycling through wood products: the role of wood and paper
products in carbon sequestration. Forest Products Journal 48 (7/8): 75-83. 35.

[27] McKeever DB. Domestic market activity in solid wood products in the United States, 1950-1998.
Gen. Tech. Rep. PNW-GTR-524, Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station, 2002. Available on the Internet at
http://www.fs.fed.us/pnw/pubs/gtr524.pdf. January 12, 2004.

[28] Howard J. U.S. timber production, trade, consumption, and price statistics: 1965 — 1999. Research
Paper FPL-RP-595, United States Department of Agriculture, Forest Products Laboratory, Madison WI,
2001. Available on the Internet at http://www.fpl.fs.fed.us/documnts/fplrp/fplrp595.pdf. January 9,
2004.



0T

06
0.5
0.4
L]
0.2

Fraction remaining at "'n" years

oA

oo

14

Figure 1. Decay curves for a 50-year half-life product
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Figure 2. Fraction rermaining at 100-years as a functon of produect half-life
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Table 1. Duration of carbon sequestration in end uses of wood and paper

(Skog and Nicholson 1998) [26]

Half-life of carbon (years)

Single-family homes (pre-1980) 80
Single-family homes (post-1980) 100
Multifamily homes 70
Mobile homes 20
Nonresidential construction 67
Pallets 6

Manufacturing 12
Furniture 30
Railroad ties 30
Paper (free sheet) 6

Paper (all others) 1
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Table 2. Carbon sequestration in wood products in 1998

£ -
[} % o S
2 g | s o | o | 2
> | ¢ 8| 5|Ec| , | E | E|S
Ezl 2| 2| =|28| £ z.] 2 |2
25| &l 2| 5|¢2| % |£€5| € |2 | -
2| S| 8| | 58| £ | 55| & |3 | £
Q| E | E o 28| & | 3| € | & | &
Consumption data for wood products from Reference 27
Lumber million bd. ft. | 18352 (1712|2100 | 14108 | 4617 | 700 | 5222 | 3155 | 7235 | 6874
Structural panels million sqg. ft. [ 16282 1425|1688 | 7269 | 2879 1872 | 1862 | 622 890
Nonstructural panels [million sg. ft. | 3166 | 454 | 909 | 2710 | 1285 8634 | 2291 | 127 | 3385
Conversion of wood product consumption data into carbon and sequestration estimates
Total carbon in wood |million metric | 15.04 | 1.40 | 1.77 | 9.93 | 3.48 | 0.35 | 483 | 2.61 | 3.86 | 4.37
products tonnes
carbon
Fraction Remaining |Fraction 0.346 (0.292|0.119| 0.119 | 0.278 | 0.147 | 0.147 | 0.095 | 0.075 | 0.072 | TOTAL
after 100 years
Metric Tonnes million metric | 520 | 0.41]0.21| 1.18 | 0.97 | 0.05 | 0.71 | 0.25 | 0.29 | 0.31 9.6
Carbon Remaining |tonnes
after 100 years carbon

Notes:

Conversion from production statistics to tonnes of production based on conversion factors in Reference 28 and
production statistics in Reference 27 (which were used to develop production-weighted conversion factors)

All products assumed to contain 50% carbon

Row and Phelps decay curves used to estimate fraction of carbon remaining in use after 100 years [24].
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Table 3. Carbon sequestration in paper and paperboard products in 1998

1998 Paper and Paperboard Consumption [27] 101.1 million short tons

Carbon contained in 1998 consumption 46 million metric tonnes

Assumed half-life 1 year

Fraction remaining after 100 years 0.049

Tonnes carbon remaining in use after 100 years 2.25 million metric tonnes
Notes:

All products assumed to contain 50% carbon

Row and Phelps decay curves used to estimate fraction of carbon remaining in use after 100 years
[24].




